In an earlier report (1), it was suggested from cross circulation experiments that a humoral agent provides the immediate stimulus for aldosterone production. It was proposed that this humoral substance be called the aldosterone-stimulating hormone (ASH). The present experiments were designed to determine the locus of secretion of ASH. Specific regions or organs which might be the source of ASH were removed and, subsequently, attempts were made to stimulate aldosterone secretion by bleeding. A positive response to bleeding in the absence of ACTH has been considered as presumptive evidence for secretion of ASH. It is important that studies be conducted in hypophysectomized dogs since bleeding (2, 3) stimulates release of ACTH which promotes increased aldosterone secretion. Bleeding was used as a stimulus because it is a simple and effective means of increasing aldosterone production.
In an earlier report (1) , it was suggested from cross circulation experiments that a humoral agent provides the immediate stimulus for aldosterone production. It was proposed that this humoral substance be called the aldosterone-stimulating hormone (ASH). The present experiments were designed to determine the locus of secretion of ASH. Specific regions or organs which might be the source of ASH were removed and, subsequently, attempts were made to stimulate aldosterone secretion by bleeding. A positive response to bleeding in the absence of ACTH has been considered as presumptive evidence for secretion of ASH. It is important that studies be conducted in hypophysectomized dogs since bleeding (2, 3) stimulates release of ACTH which promotes increased aldosterone secretion. Bleeding was used as a stimulus because it is a simple and effective means of increasing aldosterone production.
Studies were made in normal dogs to establish the magnitude of the response in aldosterone secretion to bleeding. In view of the marked fall in aldosterone secretion following hypophysectomy, the possibility was examined that ASH is secreted by the anterior pituitary. Since a response in aldosterone secretion to acute blood loss was obtained in hypophysectomized dogs, the effects of decapitation and subsequent bleeding were next determined. Finally, the effects of bleeding on aldosterone secretion were observed in hepatectomized-hypophysectomized dogs and in nephrectomized-hypophysectomized animals, and the effects of saline extracts of kidney and of liver on aldosterone secretion have been studied.
METHODS
The animals were lightly anesthetized with sodium pentobarbital and maintained on a demand pneophore at a pressure of 10 to 15 cm water. The response to bleeding was measured 1 hour after acute hemorrhage, unless otherwise indicated. Bleeding was accomplished by removal of 250 to 300 ml of blood from the femoral vein of 15 to 20-kg dogs, with one exception; in the last experiment in which the simple hypophysectomized and nephrectomized-hypophysectomized dogs were studied alternately, 16 ml of blood per kg of body weight was removed. An infusion of norepinephrine (100 ,ug per ml) in 5 per cent glucose was used to support all decapitated and hepatectomized dogs; also, in some of the hypophysectomized and nephrectomized-hypophysectomized dogs, support was necessary. Arterial blood pressure was measured continuously with a Statham strain gauge and a Sanborn recording system. The rate of norepinephrine infusion was varied in an attempt to achieve a constant adrenal blood flow throughout the experiment. Adrenal vein blood was collected by techniques described previously (4) .
Hypophysectomy was performed by the oral approach (5) . The procedure for decapitation consisted of: 1) placement of loose ligatures around the origin of the left subclavian and brachiocephalic arteries; 2) ligation and section of the cervical muscles at the level of the second cervical vertebra together with isolation of the common carotid arteries, the jugular veins and the vagi; 3) ligation of brachiocephalic and left subclavian arteries; 4) ligation and section of the common carotid arteries, vagi and jugular veins; and 5) removal of the head after cutting the spinal column with an electric saw and bone forceps. In most of the animals, decapitation was complete within 4 minutes after ligation of the blood vessels to the head. The liver was deleted from the circulation by ligation of the hepatic artery near the hilum of the liver, shunting blood from the hepatic portal vein to the femoral vein, and by occluding all outflow from the liver. Outflow occlusion was accomplished by tying a piece of plastic tubing in the inferior vena cava in the region of the hepatic venous outflow. The kidneys were extirpated surgically from the dogs.
Saline extracts of the two kidneys from each animal were made by homogenizing the kidney tissue in 300 ml of physiological saline (0.85 per cent) in a Waring blender. The homogenate was centrifuged at 8,000 rpm in a Lourdes model AT centrifuge for 20 minutes. The supernatant was decanted and infused into the femoral vein of the nephrectomized-hypophysectomized assay animal by means of a constant-infusion pump at a rate of 5 to 6 ml per minute. For the liver extracts, an amount of normal dog liver equal to the weight of the kidneys was processed in the same manner as was the kidney.
The concentrations of aldosterone and corticosterone in adrenal vein plasma were measured by the double isotope derivative assay procedure of Kliman and Peterson (6) and the simultaneous secretion rates for the two hormones were determined. The secretion rate of corticosterone rather than of cortisol was measured because of the similar polarity of corticosterone monoacetate and aldosterone diacetate during descending chromatography in the solvent systems used. It has been shown previously (7) that changes in corticosterone secretion are very closely correlated with changes in Porter-Silber cHromogen output. To demonstrate the specificity of the double isotope technique under the present conditions, the H3/C5' ratios were measured after each of four chromatographies as described elsewhere (1) . The results from the study of the H5/C5' ratios from samples of adrenal vein plasma from 7 of the 9 decapitated dogs which responded to bleeding are presented in Table I . Porter-Silber chromogens were determined by a modification of the method of Peterson, Karrer and Guerra (8) .
In the first group of 8 simple hypophysectomized dogs, Figure 2 ), and in three animals aldosterone secretion was as high or higher than the average value for normal anesthetized dogs subjected to the stress of laparotomy (right section of Figure 2 2) alld remained low following bleeding in coml)arison with corticosterone output by the anesthetized stressed animals (right section of Figure  2 ). In individual animals, two or all three values for corticosterone secretion after bleeding were slightly higher than the two control values in five of the dogs (Dogs 1, 2, 3, 6 and 8 of Figure 2) ; however, the average increase in corticosterone output from 0.059 to 0.109 jug per minute was not statistically significant (p > 0.1 ).
To determine the completeness of hypophysectomy, serial histological sections were made of the base of the hypothalamus and of any tissue remaining in the sella turcica. Hypophysectomy was complete in Dogs 1, 2 and 6 ( Figure 2 ). In Dog 5, a large remnant of pars tuberalis was present and in Dogs 3, 4, 7 and 8 a minute fragment of pars tuberalis remained.
Effects of hemorrhage on aldosterone secretion following decapitation. The results of a typical experiment which illustrate the design used are presented in Figure 3 However, a statistical analysis of the group, excluding Dog 5 in which hypophysectomy was incomplete, yielded an insignificant change (p > 0.05).
As a control on the effects of decapitation per se on steroid secretion, three additional dogs were studied immediately after decapitation and 1 hour later in the absence of bleeding. The results from Figure 6 ; at the end of the 1 hour control period, aldosterone secretion was at the low posthypophysectomy level. Also, in the other two dogs, aldosterone output was low at the end of the control period. In the first animal studied (Figure 6) (Figure 8) . The difference between the rate of aldosterone secretion of 0.012 /Ag per minute before bleeding in the hepatectomized-hypophysec- The same comparative data are presented as in Figure 2 . Figure 8 is highly significant (p < 0.001). The data indicate that a substantial amount of ASH is secreted by a source other than the liver.
Corticosterone secretion was low before bleeding and failed to change significantly (p > 0.9).
Evidence for secretion of an aldosterone-stimutlating hormone by the kidney. In the first part of this experiment, the response to bleeding was studied in 13 nephrectomized-hypophysectomized dogs; the spleen was also removed in Dogs 1-5 of Figure 8 . The experimental design and typical findings are presented in Figure 9 and the results for all 13 animals are plotted in Figure 8 . Aldosterone secretion was very low before bleeding and 11 of the 13 dogs failed to respond to acute blood loss. However, in Dogs 3 and 9, aldosterone secretion was higher after than before bleeding. In samples from both animals, the radiochemical purity of the final radioactive area on the chromatogram was demonstrated; the H3/C14 ratios were constant after three chromatographies. Also, repeat analyses of another set of samples from each dog showed the same apparent increase that was observed from the first group of analyses. The control values for corticosterone output before bleeding were also very low (0.05 jug per minute) and no change occurred after acute hemorrhage (p > 0.9). Adrenal blood flow was essentially the same before and after bleeding (p > 0.1).
Because Dogs 3 and 9 of Figure 8 appeared to show a response to bleeding, another group of animals was studied (Figure 10) . Observations on the effects of bleeding in eight simple hypophysectomized dogs were made alternately with studies in nine nephrectomized-hypophysectomized animals. The numbers show the consecutive order in which the animals were studied. Dogs 1 and 2 of Figure 10 are Dogs 12 and 13 of Figure 8 . The other 15 dogs of Figure 10 represent a new group of animals.
Aldoesterone secretion increased slightly in every simple hypophysectomized dog ( Figure 10 ) and the change was statistically significant for the group (p < 0.02). In contrast, only one of the group of nine nephrectomized-hypophysectomized dogs showed an increase in aldosterone secretion after bleeding (p > 0.2). Also, the initial control values before bleeding appeared to be lower in the nine nephrectomized-hypophysectomized dogs than in the eight simple hypophysectomized animals of Figure 10 Corticosterone secretion in the simple hypophysectomized dogs (Figure 10 ) was low before bleeding and increased slightly after acute hemorrhage in five of the eight dogs; also, the increase for tlhe group was statistically significant (p < 0.01). In the nephrectomized-hypophysectomized dogs (Figure 10 ), corticosterone secretion was unchanged (p > 0.9).
The response to saline extracts of the kidney in 7 of the 20 nephrectomized-hypophysectomized animals was studied ( Figure 11 ). Aldosterone secretion increased in every animal and the increase for the group was from 0.004 to 0.028 ug per minute, a sevenfold increase which was highly significant (p < 0.01). Corticosterone secretion was unaffected by the kidney extracts (p > 0.1).
Porter-Silber chromogens were 0.08 /xg per minute before and 0.05 ug per minute after the infusion of the kidney extracts (p > 0.9). Also, adrenal blood flow was unchanged (p > 0.9). No consistent effect on arterial blood pressure was observed.
To obtain evidence on the specificity of the response to renal extracts, saline extracts of liver were studied under circumstances indentical with those used for the kidney extracts. An increase in aldosterone secretion occurred in only four of the seven dogs and the change for the group was not statistically significant (p > 0.05) (Figure 11 ). The liver extracts had no effect on corticosterone secretion. The data suggest that the response to kidney extracts represents a specific effect.
DISCUSSION
Substantial evidence has accumulated to demonstrate that the immediate stimulus to aldosterone production is humoral. Indirect evidence was obtained from experiments in which the transplanted adrenal was stimulated to secrete increased amounts of aldosterone by acute blood loss (3), chronic thoracic caval constriction (3) and Na depletion (10) . Direct evidence was provided by cross circulation of blood from hyperaldosteronemic donors with thoracic caval constriction through normal isolate(l adreiials \\itli a resultant increase in aldosteronle secretion by the isolated adrenals (1).
Also, concurrent independent observations by Denton, Goding and Wright (11) showed that another stimulus, namely Na depletion, gave rise to a circulating aldosterone-stimulating factor in sheep.
In the present study, several sites have been examined as the possible locus for secretion of the aldosterone-stimulating hormone released secondary to acute b)lood0 loss. The response in aldosterone secretion to bleeding in hypophysectomized dogs demonstrated an extrapituitary origin of ASH. This result agrees with the almost identical response to bleeding of hypophysectomized dogs observed by Mulrow and Ganong (2) . Also, the finding of hypersecretion of aldosterone in completely hypophysectomized dogs with thoracic caval constriction indicates an extrapituitary origin for ASH (7) .
In a previous study (12) , it was demonstrated that midbrain transection failed to result in decreased aldosterone secretion, and subsequent elevation in aldosterone secretion occurred in response to acute blood loss. Also, destruction of the pinieal gland and associated structures was without effect on urinary aldosterone and Na excretion, and subsequent thoracic caval constriction resulted in hypersecretion of aldosterone (9) . These findings suggest that ASH originates either from the lower brain stem Figure 4 is excluded because of an incomplete hypophysectomy, the response in aldosterone secretion to acute hemorrhage in the nine decapitated dogs is almost identical with the response of the simple hypophysectomized animals. This finding gives no indication that more ASH was released in the presence than in the absence of the brain. At this point in our studies, it was concluded that ASH is secreted by an extracranial organ.
We reasoned that the liver and kidney are the two most likely extracranial sites for secretion of ASH. Hepatectomy of hypophysectomized dogs and subsequent bleeding provided evidence for an extrahepatic source of ASH. The initial control values for aldosterone secretion before bleeding in hepatectomized-hypophysectomized dogs were considerably higher than in nephrectomized-hypophysectomized animals and a substantial elevation in aldosterone secretion occurred following acute blood loss in seven hepatectomized-hypophysectomized dogs.
The first evidence for secretion of ASH by the kidney was the failure of nephrectomized-hypophysectomized animals to respond to acute hemorrhage by an increase in aldosterone production. Also, the control values for aldosterone secretion before bleeding in nephrectomized-hypophysectomized animals were significantly less than those in hypophysectomized dogs. Direct evidence for a potent stimulator of aldosterone secretion in kidney tissue was demonstrated by the striking consistent increase in aldosterone production during the infusion of saline extracts of kidney, but no effect on corticosterone secretion or Porter-Silber chromogen output occurred. However, in more recent unpublished studies of fractions of crude kidney extracts, certain fractions do stimulate corticosterone production. During the discussion of the author's lecture on the present data at the Laurentian Hormone Conference for 1960, Mulrow and Ganong ( 13) reported that aldosterone secretion failed to increase following bleeding in four of six nephrectomized-hypophysectomized dogs and intravenous injection of kidney extracts augmented aldosterone production.
It is of interest that corticosterotie secretioii was occasionially, but not consistently, increased slightly following bleeding in the simple hypophysectomized dogs and in the decapitated dogs. This finding may reflect an influence of ASH on corticosterone secretion in some experiments. The occasional increase in corticosterone secretion after bleeding in the presence of the kidney is in contrast to the consistent failure of a response in corticosterone production to bleeding in the nephrectomiiized-hypophysectomized dogs of Figures  8 and 10 in which high p values were obtained.
The present results provide evidence for secretion of an aldosterone-stimulating hormone by the kidney in response to acute blood loss. Is this hormone the same substance present in experimental secondary hyperaldosteronism (1)? Observations on the effect of nephrectomy in ten hypophysectomized dogs with -thoracic caval constriction have demonstrated a marked drop in aldosterone secretion (unpublished data). This finding and the present data are consistent with the view that a common aldosterone-stimulating hormone, ASH, provides the immediate stimulus to aldosterone production following acute hemorrhage and in experimental secondary hyperaldosteronism.
What is the nature of ASH? One possibility is that ASH is renin or renin-like in nature. The hypothesis that the renin-hypertensin system is concerned in the physiological control of aldosterone secretion and that a feedback mechanism to the kidney exists has been clearly outlined by Gross (14) . There are many experimental findings on the relationship of the adrenal cortex, aldosterone, DCA, salt and renal hypertension to one another and these have been outlined by Tobian (15) . Recent evidence has been provided to demonstrate that hypertensin II augments aldosterone secretion. Genest, Koiw, Nowaczynski and Sandor (16) found that hypertensin II increased urinary aldosterone excretion in man, and Laragh, Angers, Kelly and Lieberman (17) demonstrated an increase in the rate of aldosterone secretion during infusion of hypertensin II to humans. Also, the intravenous infusion of hypertensin II increased aldosterone production in nephrectomized-hypophysectomized dogs (18) . Finally, there are case reports (19) (20) (21) in man in which unilateral renal disease such as renal artery oc-clusion was associated with hypertension and hyperaldosteronism. There is, therefore, some indirect evidence for a causal relation of the reninhypertensin system to' aldosterone secretion, but the precise relationship and its physiological significance remain to be defined. The more recent finding of a normal rate of aldosterone secretion in dogs with experimental renal hypertension (personal observations) constitutes evidence against the renin-hypertensin system in the control of aldosterone secretion. Another possibility which must be considered is that renin and ASH are distinctly different substances in the same or in different biochemical pathways in the kidney.
Similarly, the nature of the stimulus which releases ASH from the kidney is unknown. The explanation proposed by Tobian (15) that a decreased volume or pressure in the afferent arterioles of the kidney might lead to release of renin by the juxtaglomerular cells deserves consideration as the mechanism for release of ASH. Following hemorrhage, there is a decrease in total blood volume and, frequently, a fall in arterial pressure results. In dogs with thoracic caval constriction, a high venous pressure below the constricting ligature is essential for initiation of the sequence of changes leading to hyperaldosteronism (22) . Following caval constriction, the high hydrostatic pressure leads to loss of fluid and electrolytes from the blood stream and to an acute decrease in plasma volume (22) . The reduced plasma volume is restored to normal by retention of salt and water in dogs with caval constriction (23) or increased above normal in experimental right heart failure (24) . A plausible working hypothesis is that a decreased volume or pressure occurs in a specific region of the kidney and that this local change leads to release of ASH.
SUMMARY AND CONCLUSIONS
Experiments were undertaken to determine the locus of secretion of the aldosterone-stimulating hormone which provides the immediate stimulus to aldosterone production. In the absence of ACTH, an increase in aldosterone secretion secondary to acute blood loss was considered as presumptive evidence for secretion of ASH. In a series of successive ablation experiments, removal of the anterior pituitary, the head, or the liver was followed by an increase in aldosterone secretion in response to acute hemorrhage. Following extirpation of the kidney and anterior pituitary, acute blood loss failed to effect a significant change in aldosterone secretion and the basal rate of aldosterone production before bleeding was markedly reduced. Intravenous infusion of saline extracts of kidney into nephrectomized-hypophysectomized dogs resulted in a marked increase in aldosterone secretion, whereas saline extracts of liver studied similarly failed to produce a significant response. The data provide evidence for the renal origin of an aldosterone-stimulating hormone.
